INTRODUCTION
One argument for the subaerial formation of Nintoku Seamount in the Emperor chain is the occurrence of a red claystone interlayered between two basalt flows in Hole 432A. Detailed study of this material, presented here, defines its nature and composition and strongly indicates its subaerial formation.
STRATIGRAPHIC POSITION AND LITHOLOGIC DESCRIPTION
The red claystone underlying the uppermost two flow units, which are moderately altered alkalic basalts, occurs in the bottom of the core-catcher sample of Core 2 (432A-2, CC, 20-30 cm). This claystone overlies Flow Unit 3, another alkalic basalt with an oxidized top. The 10-cm-thick claystone has three major parts, differentiated by color and texture ( Figure 1 ). The upper part of the material (20 to 23 cm) at the contact with Flow Unit 2 is a yellowish red (5YR 4/6) sandy claystone. This sandy layer changes gradually to a dark reddish brown (2.5YR 3/4) claystone (23 to 26 cm). On the bottom (26 to 30 cm), the sandy claystone is dark brown (7.5YR 3/2) and heterogeneous. The lower part is deformed, probably by drilling.
METHODS
Mineralogical and chemical analysis followed the methods of the Institut de Géologie in Strasbourg (France), as described in this volume by Karpoff and others.
STRUCTURE AND MINERALOGY
A thin section made from the upper part of the red sandy claystone shows fragments of volcanic detritus and phenocrysts such as olivine and feldspars. The matrix is composed of clays and iron oxides which often occur in fine oriented layers. This deposition of the small particles may indicate sub-horizontal deposition of the primary material. Feldspars and olivine (iddingsite) are altered; the iron-titanium minerals, such as titanomagnetite, are well preserved. The vesicles are fringed by chalcedony, which sometimes forms spherules in the altered olivine mass or the clay matrix (Figure 2) .
The SEM observations on the red part of the claystone confirm the orientation of the hematite and clay particles seen in the thin section, and show rounded spherules of chalcedony (Plate 1, Figure 1 ) and magnetite crystals (Plate 1, Figure 2 ).
Mineralogical analysis of the bulk material and the clay fraction (<2 µm), using X-ray diffraction techniques on the two most dissimilar samples, shows that the red level (23 to 25 cm) contains hematite, magnetite, titanomagnetite, traces of rutile, and cryptocrystalline silica. The clay fraction is composed of kaolinite and traces of smectites. In the brown level (27 to 29 cm), rutile, olivine, plagioclase, cryptocrystalline silica, and traces of goethite occur. The clay fraction comprises kaolinite and abundant smectites.
The TEM observations of the clay fraction indicate that it is composed of kaolinite and spheroidal or squat cylindrical halloysite (Plate 1, Figures 3 and 4) , Halloysite is a typical fast-forming mineral in soils from volcanic deposits, and particularly in young soils. Air-dried or low-temperature-dried halloysite collapses to the same X-ray diffraction spacing (7.2Å) as kaolinite, and has the same chemical composition. A complete review of the occurrence, formation, and evolution of these clays minerals in young soils from volcanic materials, was presented by Dixon and Weed (1977) . The cylindrical structure of halloysite is described by Kirkman (1977) .
GEOCHEMISTRY
The results of the chemical analysis, made on the bulk material from two levels, as above, are given in Table 1 .
The Red Level (23 to 25 cm)
The composition of the upper part of the claystone can be established quantitatively. Assuming that the theoretical formula of kaolinite is 39.5 per cent A1 2 O 3 , 46.5 per cent Siθ2, and 14.0 per cent H 2 O, and that the Si/Al ratio is 1.04, the sample contains about 62.5 per cent kaolinite, 3 per cent silica (chalcedony), 28 per cent iron-titanium oxides (such as ilmenorutile, magnetite, and titanomagnetite), and 6.5 per cent other silicates (smectites, feldspars, etc.). In this case, the loss on ignition is the water content of kaolinite. This part of the red claystone contains very little water. Trace elements (V, Cr, etc.) are principally associated with the irontitanium oxides.
The Brown Sandy Level (27 to 29 cm)
The chemical composition of the lower part of the claystone is in harmony with its mineralogical components. The K 2 O, Na 2 O, and Ba contents correspond to feldspars, and MgO to the smectites. The values of ratios of V, Pb, Cu, Ni, and Co to the Fe 2 O 3 content are lower than similar ratios for the uppermost level. The Fe/Ti ratio is also lower, and can be explained by the low concentration of free iron oxides. It is not possible to calculate precisely the quantitative composition of this part of claystone, because of its diversified mineral assemblage. The feldspars make up about 30 per cent and clays about 10 per cent of the brown sandy level. This level appears impoverished in Si, Mg, Ca, and K, but enriched in Fe and Ni compared with the lower basalt flow (Sample 432A-3-2, 106-108 cm: chemical analysis from the shipboard report).
INTERPRETATION AND DISCUSSION
The mineralogical and geochemical composition of the red level is like that of a soil formed on land by weathering of volcanic material. Such soils are andosols or, less likely, latosols or lateritic soils. This is illustrated by extensive literature on soils from the Hawaiian Islands and volcanic regions bordering the Pacific Basin or on soils derived from ash deposits and basalts by tropical or sub-tropical weathering (Sherman et al., 1948; Sherman, 1950; Segalen, 1957; Patterson and Roberson, 1961; Correns, 1962; Loughnan, 1969; Colmet-Daage et al., 1970; Leonvallejo and Segalen, 1970; Cortes and Franzmeier, 1972; Mohr et al., 1972; Gibert, 1973; Dixon and Weed, 1977) . The red claystone facies differs also from oceanic volcanosedimentary sequences in surface sediments, such as those described by Hoffert et al. (1978) . Deep-sea authigenic silicates in a volcanic environment are generally smectites and zeolites associated with ferromanganese oxyhydroxides. Nevertheless, the thickness (very thin) and the structure (absence of well-defined pedologic horizons) do not permit me to conclude that this red sandy claystone is a typical soil, in the strict definition of the term. But the structure of the clay assemblage and iron-oxide matrix, and the mineralogical bulk composition, agree better with the hypothesis that this facies results from weathering of a fine-grained layer of pyroclastic volcanic material or tuffaceous ash. This soil developed in a short time, and its development did not end with formation of a typical andosol or lateritic soil, because it experienced a subsequent thermal transformation. This secondary evolution of the thin soil layer resulted from deposition of the upper basalt Flow Unit 2. This volcanic action induces successive thermal effects, more marked in the upper part of the weathered layer. These effects are (1) dehydratation and crystallization of iron hydroxides to hematite; (2) stabilization of the clays, especially the kaolinite; (3) formation of chalcedony; and (4) mobilization of calcium and potassium by steam and hot water. A similar evolution (in the red levels from Coirons, France) has been described by Moinereau et al. (1972) .
The contact between the red soil and the upper basalt flow is also characterized by rare altered volcanic detritus and of phenocrysts enclosed in the clay and hematitic matrix. A schematic diagram for the formation of the red weathered layer of Hole 432A is given in Figure 3 . canic and sedimentary facies agrees with the fast weathering of the volcanic parent material to form the red soil.
OTHER OCCURRENCES OF RED FORMATIONS INTERLAYERED TO BASALTS
Other examples of red formations interlayering basalts have been observed and studied elsewhere. In the Atakor Massif of Africa, the red level is developed between ash and phonolites (Bordet, 1951) ; in Cameroun it is below ash deposits; and in Hoggar, it is between ash and basalt flows (Leprun, personal communication) . In the Massif Central of France, red formations exist between quaternary basaltic flows at Aurillac and Coirons (Moinereau et al., 1972; Gibert, 1973) .
CONCLUSIONS
The red claystone interlayered between basalt flows of Hole 432A is a subaerial formation. From its structure and mineralogical and geochemical composition, I conclude that it was formed by weathering of a basaltic tuffaceous ash under subtropical conditions and afterwards underwent a low-thermal transformation when the upper basalt flow settled. This agrees with the hypothesis that the Emperor seamounts, and in particular the Nintoku Seamount, were emergent during the period of their formation and of successive deposition of basalt flows. The fine zonation of clay and hematic mass is visible; enclosed spherule of chalcedony (SEM). 
